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SUMMARY

The design and fabrication of a test fixture incorporating advanced aircrew
restraint and mobility systems is the secoud phase of a program aimed at
identifying afrcrew systems designs and criteria for the next generation of Alir
Force combat aircraft. It is anticipated that combat operations inm these
future aircraft will {nvolve maneuvers which will subject the aircrew to high
multiaxial accelerations and that advanced systems will be required to restrain
and protect the crewman aund to ensure that he will be able to operate
effactively in this enviromment.

Advanced desilgn concepts were evaluated and selected in a previous study aund
the effort in this phase of the program was to incorporate these concepts ia a
teot fixture which could be used to evaluate the concepts under representative
dynamic conditions in the AFAMRL centrifuge and on the impact test track
facilities.

The concepts incorporated in the test fixture are intended to provide restraint
and support for the crewman during high multiaxial acceleration coaditions and
to facilitate the mobility required for surveillance and target rracking during
high G, acceleration. The restraint provisions comsist of a basic strap-type
system which is augmented by an arrangement of inflatable bladders which
provide reatraint and support for the torso and limbs and by the use of
cushions which conform to the shape of the individual crewman. Mobility for
external visibility 1s facilitated by a pivoting headrest and by a rotatable
backrest. These allow the fully restrained crewman to twist around for aft
visibility. The headrest 1s powered and capable of moving the head against
forces due to high +Gz accelerations,

The test fixture includes seat surfaces and flight controls which place the
test subject 1ln a representative setting in which to evaluate the effectiveness
of the restraint and mobility concepts. The geometry of the seat surfaces is
based on that of an articulating ejection seat and the surfaces car be
articulated from an upright position to a fully reclined position in which the
backrest angle is 65 degrees. The test fixture framework is configured to
mount within the cab of the AFAMRL centrifuge.

The intended use of the test fixture is to permit evaluation of the restraint
and mobility concepts under dynamic conditlioas. The fixture has been
configured to facilitate the conduct of vision and flight control experiments
which would provide quantitative data for comparison with current aircrew
systems.
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PREFACE

The work described in this report was performed under Air Force Contract

3 F33615-79-C-0522 "Test and Evaluation of Aircrew Restraint and Mobility 4
g{ Systems.” The Principal Investigator was A. Blair McDonald. ]
| The Air Force Technical Monitor was Lt. Col. James H. Raddin, Jr, of the
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Biomechanical Protection Branch, Biodynamice and Bioengineering Division of the
Alr Force Aerospace Medlial Research Laboratory.
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INTRODUCTION

The second phase of an ongolng AFAMRL program aimed at defining aircrew
restralnt and protection system concepts and aeromedical criteria for the next
generation of Air Force combat aircraft ig described. The effort in this phase
of the program consisted of the deaign, development and fabrication of a test
fixture incorporating advanced design concapts for sircrew restraint and
mobility under high acceleration maneuver conditions. The concepts were
defined in the first phase of the program (Reference 1) but were modified and
developed during this phase. The test fixture is designed to be used for live

subject evaluation of the proposed concepts in the AFAMRL centrifuge and impact
test track facilities.

BACKGROUND

The need for advanced aircrew restraint and protection systems for future
aircraft is based on the projection that technology advances in propulsion,
aerodynamnics and flight controls in these aircraft will result in maneuver and
flight envelope capabilities which are significantly greater than those of
current combat aircraft. These technology advances include innovations guch as
the High Acceleration Cockpit (HAC) and developments in aerodynamics and
control techniques which utilize direct 1ift, direct side force and drag
modulation. The introduction of these technology advances will result in a
combat environment in which the crewman will be subjected to high multiaxial
accelerations. .

Pregent aircrew systems were not designed to provide restraint and protection
in this severe environment and there ie a need for advanced design approaches
which will meet the anticipated requirements. In order to attain the full
combat advantages of the advanced aircraft design it will be necegsary to
restrain and support the crewman in such a manner that he will be able to
operate and perform effectively during the application of high accelerations.

APPROACH

A program was initiated with the long-term objective of providing the aircrew
system technology and aeromedical design criteria necessary to support next
generation aircraft programs.

Concept Study

The first phase of the program, which is described {n Reference 1, consisted of

a study to identify and define advanced design concepts and to evaluate them
relative to the requirements for restraint, protection and escape for the
projected maneuver and flight envelopes., During the study, a conceptual
approach (based on an articulating ejection seat) was selected and a mock-up
was constructed so that the critical restraint and support aspects of the
concept could be evaluated. The innovative features included the provision of
“body fixation" restraint and support by means of a system of inflatable
bladders augmented by the use of a contour-forming seat cushion and the
provision of mobility for external visibility through the introduction of a
powered, rotatable backrest and headrest.
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The mockup permitted evaluation of the proposed concepts under + 1 G, and
+ 1 Gy acceleration conditions. The results of the evaluation indicated

‘that %urther investigation under more representative dynamic acceleration
conditions was warranted.

Tegt Fixture

The second phase of the program consisted of the design and fabrication of a
test fixture which would permit the evaluation of the proposed concepts under

simulated combat multiaxial acceleration conditions in the AFAMRL centrifuge
and impact test track facilities.

Investigations carried out during the design of the test fixture indicated that
aft visibility for external surveillance and target tracking could be improved
by the introduction of a movable headrest which could be tilted aft. This
resulted in the incorporation of a powered pivoting headrest in place of the
previous powared rotating backrest and headrest features, although the
capability for manual rotation of the backrest was retained for evaluation
purpoges. The test fixture allows evaluation of the restraint, support and
mobility concepts with the seat in the upright or reclined configurations.
Primary aircraft controls are represented and the side stick controller is

operable 8o that testing in the centrifuge may include quantitative target
tracking experiments.

. ) ) ; s o . ""'; 1 W PRLY "'l‘:m.
;Mhﬁl.uﬂ-m'.-;i..u..uu.;;-...-:-.:-a L b S A s L




e i i i d ol

REQU LREMENTS

The basic requiremment for the program was to incorporate the aircrew regtraint

- and mobility concepts in a test fixture which would be satisfactory for the
- conduct of live subject tests using the AFAMRL centrifuge and impact test
_ ‘ facilities.

ro, The primary specific requirements emphasized test safety aal test filxture
-

- integricty for live subject testing. The acceleration loading conditions for
A the live subject testing are listed in Tatle 1.
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TABLE 1. DYNAMIC CONDITIONS FOR LIVE TESTING %
- m ]
3 TEST
; FACILITY CONDITIONS ACCELERATION LIMITS
; e .
i Vertical and Lateral G, = + 10.56 to -3.5G
. Acceleration

combined with

CENTRLFUGE Gy = + 3G to -3G
, Vertical and Longitudinal G, = + 10.5G to ~3.5G
Acceleration
combined with )
Gx = + 3G to =3G 4
oo — ]
Vertical Acceleration G, = + 106G i
IMPACT g
TEST Lateral Acceleration Gy = #+ 8G (seat upright)
TRACK

Longitudinal Acceleration G = -106
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DESCRIPTION

GENERAL

The test fixture, shown in Figure 1, includes all of the elements of the seat
and the flight controls which are necessary for a comprehensive evaluation of
the restraint and mobility concepts under dynamic conditions. The fixture
framework provides structural support for the geat, controls and subsystem
components and is configured to mount on the platform in the AFAMRL centrifuge
cab. The simulated flight controls and portions of the seat are adjustable so
that the test fixture can accoummodate a range of 5 through 95 percentile male
body sizes (Reference 2),

BASIC GEOMETRY

Tha seat degign 1s based on that of an articulating ejection seat in which the
crewman can be reclined to enhance his tolerance to high + G, acceleration.
The geometry of the seat surfaces, the location of the controls and the
articulation techniques are derived from the articulating ejection seat
configuration proposed for the HAC (Referemce 3), The seat surfaces articulate
to move the crewman from a normal upright position in which the backrest angle
t8 L5 degressg, to a fully reclined position in which the backrest angle is 65
degrees. The geometry for the upright and fully reclined positions is shown in
Figures 2 and 3, respectively. As can be seen from these figures, the crewman
is reclined by forward and upward movement of the seat bucket. With this
method of articulation the location of the flight controls is satisfactory for
all positions from upright to fully reclined.

SEAT STRUCTURE

The basic seat structure consists of the seat bucket and a backrest which is
divided into three segments. The lower backrest segment is hinged to the seat
pan. The center and upper backrest segments are mounted on 4 central spine
bolted to the lower backrest segment and pin-jointed between the center and
upper backrest segments. The seat assembly is secured to the fixture frame by
two bolts on either side of the seat bucket and by a pivot bolt at the upper
end of the backrest spine. Six sets of bucket attachment holes are provided in
the frame and these allow the seat surfaces to be secured in an upright
positlon or with the backrest reclined at an angle of 25, 35, 45, 55 or 65
degrees. The backrest hinge, pin-joint and pivot attachment features allow the
backregt to articulate as the seat bucket is moved. Figures 4 and 5 show a
subject in the test fixture with the seat in the upright and fully reclined
positions, regpectively.
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CONTROLS

The fixture includes a side-atick controller and simulated rudder pedals and
throttle. The gide-gtick controller is an operable unit of the isometric type
and 18 part of a tracking experiment system used for quantitative evaluation
testing in the AFAMRL centrifuge. The design aad arrangement of the controls
was previously shown in Figure 1. The rudder pedals are bolted to sloping
rails and can be adjusted through a range of 9 inches in incremeats of one~half
inch. The side~stick controller is mounted in the aArm-rest support structure
and the entire controller and arm-rest assambly can be adjusted on its sloping
mounting surface. The throttle 1is fixed; however, the helght of the throttle
arm-rest can be adjusted by ralsing ov lowering the arm~rest assembly on its
sloping mounting surface.

Controls are also provided for operation of the seat subsystems and
descriptions of these are included in the appropriate subsystem descriptions.

RESTRALNT

The restraint provisions consist of a basic satrap-type aystem and a systew Lo
achieve "body fixation” under high multiaxial acceleration conditions., The
strap system 1s more extenslve than a conventioadl restraint system. "Body
fixation" is 4ttailned by a system of support surfsaces fitted with inflatable
bladders aand by cushions which conform to the contours of the crewman.

Strap Restraint System

The strap rvestraint systen consists of a lap belt, shoulder and torso restraint
straps and foot cetentlon straps. The lap belt, shoulder and torso restraint
straps are used in conjunction with & modified version of the standard Ailr
Force PCU~15/P torso harness. Parachute risers attach to the parachute
disconnects on the torso harness and are ajnchored to the test fixture framework
with sufficient slack to allow full crewman mobility. BShoulder restraint is
provided by dual straps from an inertia veel mounted on the aft surface of the
upper backruest gegment. The straps are routed over the backrest pivot bolt,
pass around roller flttlngs von the parachute risers and are anchored to the
fixture framework. The reel 4allows approximataly L83 {nches of forward motion.
Torso vestraint is provided by two straps from an inertia reel mounted ou the
aft surface of the center backrest segmenct. A roller fltting 1is attached to
sach side of the torso haruess by means of quick-release fittings which are
gewn onto the torso harness just below the cheusi «lrap attachments. The straps
from the inertia reel pass around the roller fittings and are anchored to the
center backrest segment, The shoulder and torso strap luertia reels and
controls are identical to those used for shoulder strap retractlion in current
Air Force aircraft. The controls for the shoulder strap and torso strap reels
are located on the right and left sides of the test fixture respectively and
are readily accessible to the sent occupant. ¢
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The lap belt consists of two segments secured to the seat bucket and provided '
with adjusters and connector fittings. The connector fittings mate wlith

adaptor fittings on a short center segment lap belt which 1s added to the )
PCU-15/P harness. Attachment of the lap belt to the torso hatuness will limit ?
submarining under -G, accelevation when the crewman is reclined. The
o PCU-15/P torso harness, with the added center lap belt segment and torso strap i
attach fittings, is shown in Figure 6. !

The foot retention straps are attached to the rudder pedals and are secured
with Velcro tape. The straps assist the crewnan to keep his feet on the rudder
pedals and to resist upward motion of the lower legs during -G,
acceleration.

T T Y T T

Inflatable Bladder System

v

In this system, a serier of inflatable bladders, mounted on structural
surfaces, 1s provided to support the torso and limbs and to prevent movement,
particularly during application of sustained lateral accelerations. The

: bladders are installed on the inner gsurfaces of the seat pan, on forward
: projecting surfaces of the upper backrest segment and in troughs which form the
[ arm-restg. The bladders are fabricated from neoprene coated nylon aund
are enclosed by stretch aylon-frothed neoprene covers which are secured to the
support surfaces and control the final inflated shape.

B S il

Figure 7 shows the arrangement of the bladders, the shape of the Ffully inflated

bladders and a subject fully crestrained in the test fixture. The seudt pan has
' two bladders within a single cover on each side. The forward bladders support
and restrain the thighs while the aft bladders vesgtrict movemant of the hips.
The shoulder bladder supports can be adjusted to accommodate a riange of
shoulder widthse. The arm-rest troughs are padded on their horizontal surfaces
and have bladders on the vertical surfaces. Each arm-rest bladder, as
illustrated in Figure 7, 1s a two-cell arrangement go that the bladdars tend
to enclose the arm and theraby provide restraint without the application of
excessive force.

The bladders are inflated by compressed air with inflation and deflation being

controlled by an electrical switch mounted ahead of the throttle grip. A

schematic of the Inflation gystwm 1s shown in Figure 8. Compressed air from an

external gupply is required. The external supply is reduced in pressure to two

to three p.s.i. and distributed to the inflatable bladders through a1 nzt -ork of

flexible hoses. An adjustable relief valve is included in the low praessure ]

distribution system. The selector switch controls both an on-off valve and a ’

two-way valve. With the switch selected to "INFLATE" the on-off valve L3 open !

and the two-way valve allows ailr to pass into the bladders. With the switch 3

selected to "DEFLATE" the on-off valve 18 closed and the two-way valve allows i
}

T I e T—

any pressure in the bladders to vent to atmosphere. A master electrical switch
on the left side of the fixture controls the power supply to all of the
subsystems, including the bladder inflation system. When power is switched

)

i

! off, the air supply to the bladders is {nterrupted and the bladders are veanted »1
l to atmosphere. 3
l w0
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14

Cdk DRk,

————

v

e - RS ) NUPR; L ESPCINLIE S PR SO
A LA R LR« e Ve IXREIILIY A -t




Ch s

E P

-

o e g

Ay T T AT r——

. i b
o

(a) GENERAL ARRANGEMENT

COVER

/—' BLADDER UPPER CELL

i
pd F
FOREARM
"
BLADUER LOWER CELL
/'C- AAMREST TRQUGH
/—PAD
% |
(b) ARM RESTRAINT BLADDERS
FIGURE 7. INFLATABLE BLADDER ARRANGEMENT

15

g e

e

"




{
L
Y-
b | == PneuMATIC
X \ Joes) ELECTRICAL h
l N R
L | SHOULOER SUPPORT BLADDERS
- 1
‘ ARM ARM ‘
= SUPPORT SUPPORT §
i B8LADDERS BLADDEAS ,
-
k.
.\ .
p
HIP AND THIGH HIP AND THIGH
- SUPPORT PREBSURE RELIEF | | ERESSURE GAGE SUPPORT
¥ RLADDERS VALVE 3.5 P8I BLADDERS
3
- T@aonast -
‘ swiTEH ] ) PRESSURE
» ‘ INFLATE =i e AEGULATOR
E aLaooer| /
- SWITCH
| ‘ DEFLATE
s }\ ON ON/OKE
i SOLENOID
MASTER VALVE
‘ SHUTOFP
A SWITCH
k OFF -:L:-
B GROUND
w . H
' AR SOURCE
: 28 VOC {125 PSI MAX)
'- (
¢
.
T
,' FIGURE 8. BLADDER INFLATION SYSTHEM SCHEMATIC

16




Conforming Cushion System

~

Cushions which can be contoured to the shape of the individual occupant are

ingtalled on the seat pan and on each of the three backrest segments as shown
previously in Figure 7.

In the contoured condition, the cushiouns teand to cradle the body and thereby
provide support and prevent motion, particularly againet lateral accelerations
Also, during the contouring process, the seat cushion tends to fill the gap

) between the upper thighs and this should help to prevent submarining

| during ~G, forces iutroduced by drag modulation. An inherent attribute of
X contoured cushions 18 that %:-dy pressure is gpread evenly over the contact
! surfaces. This could have beac:ficial effects on comfort and may be significant
during high +G; maneuvers wher contact pressure is greatly increased. The
cradling or "body fixation" effect of the contoured cushions ig difficult to
describe and must be experienced to be fully appreciated.
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Each cushion consists of 4 bladder filled with small expauded polystyrene
beads. The bladder material is frothed neoprene faced by stretch-nylon. The
) cushion bladders are connected by hoses to a pneumatic pump-vacuum unit which
, controls the opecvation of the cushions. To, "contour"” the cushioans the seat
L occupant inflates the bladders slightly and then evacuates the bladderas as he
! presses his body into the cushions. Evacuation causes the polystyrene beads to
. lock together in a rigid mass which conforms to the contours of the impresesed
) ashape. The coaforming process can be repeated any time the occupant wishes to

change position. The pump-vecuum unit for the cushions is mounted beneath the

left arm~rest. The unlt is battery-powered and the control switch, mounted on
. the unit, 18 accessible to the occupant.

5 T
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MOBILITY PROVISIONS

The test fixture incorporates a powered pivoting headrest and a backrest design
in which the center and upper backrest segments can be rotated. The objective p
is to enable the crewman to look around, particularly in the aft direction, for
gurveillance and target tracking during high +G, acceleration conditions.
The headrest configuratlon is a new concept which was developed during the
program. The developient effort, rationale and deaign features are described
in the following paragraphs.

e e e

Development

LI

During the initial stages of the test fixture design, it was intended that the
mobility concepts be those demonsirated in the previous program (Reference 1). ¥
These¢ concepts consisted of the provision of a powered rotatable backrest and :
headrest. With this aupproach, the rotation was essentially lateral and further %
javestigation indicated that the Eleld of vislon, particularly aft vision,
could be improved if the crewman was able to tilt his head back in addition to J
rotating his head laterally, H
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To evaluate this approach, a prototype of a4 new headrest was fabricated. This
headrest was designed to pivot aft and had three rollers to “cage” the helmet.
The rollers, as shown in Figure 9, were mounted on a frame which could rotate
laterally on tracks. The pivoting motion was powered by an actuator while the
lateral wmotlon was accomplished by movement of the crewman's head.

Evaluation of this headrest design ifndicated that the lateral motion concept
was unsatisfactory. One problem was that the head turning motion was found to
be awkward and unnatural. A more serious problem was that it was relatively
easy for the headrest to get out of position relative to the head. When this
occurred the headrest became a source of {nterference and potential injury.
Evaiuation of this design led to a reappralsal of the mobility requirements.
It was concluded that the primary requirements were to provide support for the
head under high +G, acceleration and to assist the pilot to return his head
from an aft vision position to the upright position, also during the
appiication of high +G, acceleration. 1t was believed that these
tuquirements could be met by a powered tilting headrest and that the provislion
of 4 headrest rotation feature was not warranted. [t was also considered that
the powered backrest rotatlon feature, which was part of the previous mobility
system, may not be required. However, it was decided to include manual
backrest rotation in the test fixture so that the effect of this capability
could be evaluated in the centrifuge. The design which was developed to ueet
these requirements {s described in the following paragraphs.

Headrest

In a conventional ejertion seat, the crewman attains aft visiblity by leaning
forward and twisting around so that he can look past the headrest. Thie type
of motion 18 not practical during high acceleration, particularly when the
crewnan is reclined. In the concept developed to resolve this problem, the
headrest plvots aft so that the crewnan can obtain aft visibility by twistling
his head around, no forward motion being required. Also, since the upper liumit
of acceleration at which head motlon 1s possible is reported to be 4
G (Reference 4), the headrest 1s designed to support the head and to assist the
crewman to return his head to the upright position. To achieve this
capability, the headrest motion is powered by anm actuator. The headrest
upright angle 18 15 degrees and the full aft angle 1s approximately 50
degrees. Motion is controlled by a switch mounted forward of the throttle grip
and the headrest can be stopped at any polunt in its travel.

The headrest is shown in the upright position in Figure 10 and in the full aft

poeition in Filgure 11, Figure 12, shows a subject evaluating the aft
visibilicty attainable with the headrest ia the maximum pivot position.
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(b) CAGE ROTATED

FLGURE 9. PIVOTLNG HEADREST WITH ROTATING "CAGE"
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HEADREST UPRIGHT

FIGURE 10.
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HEADREST PIVOTED AFT

FIGURE 11.
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FIGURE 12.

MOBILITY - AFT VISIBILLTY DEMONSTRATION :
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When the pivotlng headrest was Inltlally proposed, a prototypw wis fabricated
Eor vvaluatlon. One adverse feature was that when the headrest wdas in the full
pivot position the corners of the headrest interfered with the aft vision., In
the final design, this problem was overcome by skewlng the headrest hinges so |
that the tops of the headrest posts move Inboard as the headrest pivots aft. ‘
This effect can be seen in Figuve 173,

A second problem encountered was the existence of a scrubbing motlion between
the helmet and the headrest due to the offset between the head and headrest
hinge points. Relative motion between Lhe helmet and headrest was found to be
approximately three inches. During powered motion, from full pivot to full
upright, the scrubbiang motion tended to drive the head downwards. If the :
helmet was held firmly against the headrest, simulating the effect of high
+G, dcceleration, the result of the downward force, for the unwary subject,
was a severe paian in the neck. This problen wis resolved by mountiang the
headrest pads on tracks so that they could move relative to the headrest
structure during ptvoting motion. When the headrest ls 1n the upright position
the pads are at the top of their travel and are held there by light bungee
cords. When the heudrest pivots aft, the pads are pulled progressively down
. the tracks by cables attached to the headrest plvot meclanism. The total
travel is three Inches so that the scrubbing action is eliminated. Thls feature
has the addittonal nenefit of reducing the size of 'l plvoted headregt and
this helps Lo resolve the viston blockage problfem dlgrussed in the previous
paragraphs. The effect of this feature on rne neadtest conligurdation is shown
b 1 Figures LU and Ll.

——— ‘v...n-y—.-:ﬁ-—-—_ T

The headregt design 1s aimod specificalov at meeling the regquitements for aft
visibility durfng hipgh acceteration maneuver condilions - However, 1t dppears
that it would also be advantageous tu tave e apaihiblity of plvoting tne
headrvest for dmproved vision durinsg ronl:ian taiipght even waoen the crewtaa ts
sedted i rhe upright position. As showi previoust s da Yiga©es U oand 5, the
crowndn's eye position moves aft approxsmately s1% inches in the trianstition

L aace cns

1
tron the upright to jully reclined position. L8 conceivabie that wheu o F{‘
pivoling headrest is provided, it may he adviatapeous (o atiow the he s : i
be pivoted forward of the iS9-degrev jpesi .o 4> that the svewhan aaad ad jus: j
the headrest positioa - I I Can gy viaihirity. in tiignt
aperations, the headrest wouid be in tnv o upright posivian tor take-oll and

landing, and would be antomatically . sned o The aptignt pas.o.otan tor
ejection,

N it i . BT e e 2t

In the test fixture the headrest is poweted by o bydraawlis o taitsr.  The
hydraulic syston [y mounted o the fistare 1ad, s shown tn the schematic in

; Figure L4, includes 4 reservolr, accumuialor and pump.  Jdperation of rhe system
is ¢ontrolled by electro-hydraulle valves., A momealary "o’ switvh g provided
oo for operation by the test subject and clectrical power is also  ontealled by
'L the master "un-oft” dwitch located on the  oft side ob tin Taixtute

&

R T

B [S9 !
SRR 1 T ‘%?"""“-'n.. ¢ et

IR ST S PR I T SR PAPETE




et os smniem ablaek

——— T

\

r FIGURE 13. HFADREST AND BACKREST MOTION
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Rotatable Backrast

The mobility provisions in the test fixture include a rotatable backrest so
that the value of this concept can be svaluated, The objective of the

rotatable backrest is to allow the fully restrained crewman to twiat his upper
torso to facilitate aft and upward visibility.

When a crewman twiete around to look aft, the degree of twist increases
progressively from the walst to the ghoulders. This 1s matched by the hackrest
rotation capability. The lower backreast saegment is fixed, the center backrast
gsegment can rotate + 15 degrees and the upper backrest segment can rotate +
30 degrees. Backrest rotation is illustrated in Figure 13.

The upper backrest segment can be locked in the neutral position when the seat

is in the upright or fully reclined positions. When the locks are not engaged

the backrest is free to rotate uunder pressure appliad by the crewman's torso.
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INTERFACES

CONF IGURATION

The test fixture 1s required to mount in the AFAMRL centrifuge and impact test
track. The fixture configuration and mounting provisions were dictated by the
requirements of the centrifuge installation since these were more restrictive
than those of the impact teat track. Specific interface features are;

o The forward “instrument panel” portion of the fixture 1s detachable to
facilitate installation in the cab.

o The mounting flanges on the fixture base are spaced to match the cab
platform support structure.

o The forward portion of the fixture framework is configured to avoid
interface with cab structure and to be compatible with the equipment and
viewing requirements of the tracking experiments.

o The aft portion of the fixture framework is below eye level so that it
will not interfere with aft vision experiments.

0 Proximity to the cab entry hatch was an important factor in the placement
of subsystea controls.

The amounting flanges on the base of the fixture can be uged to secure the
fixture to the experiment platform in the impact test track. The fixture
mounts directly oa the platform for Gy and Gy acceleration tests but an
adaptor is requived for tests with G, acceleration.

SUBSYSTEMS

An external supply of compressed air {s required for the fuflitahle hladder
portion of the restraint system and electrical power is required for the
inflatable bladder and powered headrest systems. The conforming cushion systenm
uses a rechargeable battery and is self-contained as is the hydraulle portion
of the powercd headesst system. The electrical systems fu.© lz bladders and
headrest are intervonnected. External supply requirements are:

4. Compressed air, maxiwum pressgure 125 p.s.i.
b. &lecrrlcal supply, 28 volts DC.




SAFETY

The intended use of the test fixture for dynamlc tests with live subjects
dictates the requirement for a high level of operational safety. The approach
towards meeting this requirement is to ensure structural integrity and to
configure the test filxture to enhance test safety and to facilitate the conduct
of emergency procedures.

STRUCTURAL INTEGRITY

The structural integrity of the test fixture is verified by analysis and will
be verified by test prior to the conduct of live subject tests. Analysis shows
that the structure 1is satisfactory for stress levels which are three times the
maximum stress levels which will be imposed in the live subject tests. The
planned verification tests will be conducted using anthropomorphic dummiaes with
test dynamic loads of 1.5 times those to be used in the live-subject tests.

STRESS ANALYSIS

A comprehensive stress analysis of the test fixture structure was made using a
finite-element analysis program, called Computer Aided Structural Design
{CASD), to identlfy the loads and deflaectivns {n each of the structural members
for the centrifuge and impact track loading conditions. The analysis of the
structure was conducted concurrently with the fabrication of the test fixture.
This approach resulted in changaes being required to the analysis as design and
concept improvements were introduced. Also, changes had to be made to the
structure when the analysils showad that some members did not satisfy the
strength requirements. These were primarily in the fixture framework and
Ltavolved the vertical members just forward of the seat bucket and the sloping
wembers aft of the seat backrest. Design revisions were developed to increass
the streagth of these wmembers. The stress analysis was then completad 4nd the
structural revisions were tncorporated into the test fixture.

SUBSYSTEM FAILURE ANALYSTS

An analysis of subsystem fallure modos and effects 1s presented in Tables 2
through 7. The analysis assumes that the tests will he conducted at the
maximum acceleration levels which are tabulated in the Requirements Section,
Page 7. The analysis d4lso assumes cectain test conditions. These are:

o dCentuvifuge - aii of the subsystems will be operated and evaluated. 1t is
assumed that the stcap testrulnt system will be used in all tests but
that other systems aay not be {n use as the purpose of the test mnay be to
obtaln comparative -{ita.

o lmpact Test Tia:k - the headrest will be In the npright positiou and the
backtest wiii be locked in the central position in all tests. It 18 also
assuned cnit the strap restraint system will be used in all tests but
that the ntlatable pladder restrafint system may not.
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Ccntriggsg Tests

Examination of Tables 2 through 6 shows that the effect of a gubsystem failure
in the centrifuge tests will not have a significant effect on safety. This is
primarily because the largest acceleration in the centrifuge tests im in the

+G,; axis and will tend to keep the subject firmly in the geat. In the other
axes, the maximum accelerations are 3 to 3.5 G and it 13 assumed that the test
subject would be able to prevent excessive motion if a restraint system failure
occurred under these conditions. Table 4 ghows a Category II hazard for
inadverteat return of the headrest to the upright position prior to headrest
actuation. This category wag agsigned bacause the head could be in any
position and therefore the possibility of injury exists. A vertical plate
separates the switches for headrest and bladder actuation to help praveat

selection of headraegt actuation when operatlon of the inflatable bladder
systemg is intended.

Impact Track Tests

Examination of Table 7 shows that there are conditions in which a failure of
the strap restraint system is considered to be critical. These situations
arige because of the relatively high forward and lateral accelervations, 10 and
8 G respectively, and because of the high vate of onset, approximately 250 G
per second, imposed by the deceleration gystem. Although the integrity of the
strap restraint gystem will be verified by test prior to the live-subject tests

it may be prudent to gecure a pad of impact absorbing materlal over the
subject's legs and forward poction of the test fixture.

SAFETY PROCEDURES

The test fixture is designed to facilitate the safe and rapid removal of the
subject in an emergency. A master electrical switch is located on the left
side whaere it is readily accessible to test persounnel. When the power 1is
switched off, the headrest system 1s deactivated and the inflatable bladders
are vented. This will avoid the danger of inadvertent headrest actuation
during removal of the subject and will remove the possibility of interference

due to the inflated bladders. To permit rapid removal of a subject, only
quick~release connectors are used in the restraint system.
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TABLE 2. INFLATABLE BLADDER RESTRAINT FAILURE ANALYSIS

PAILURE MODR HAZARD® EFFRCT OF FPAILURR COMMENTS
LEVEL
Failure to Inflate I Mo effect on safety - test would be

Inflacien would be selected pripr to onset

velve,

discontinued. of high G conditions.
Fallyre to Deflate 1 No ¢ffect on safety - test would be Egrass can be made vith bladders fully
discontinued. inflsted.
k‘l Loss of Pressure 1 Bestraint degraded under -0, -Gy or o Restraint etill provided by strap systead
l‘-. or Rupture Gy fovcen. Lack of bladder restraimt o Lateral wotion l{mited by bladder
A oshould not cause Lnjury. SuUppoTLe,
! Overinflstion Hinor discomfort dus to bledder pressurs. o Ovarinflation pressurs limited by relief
e (Regulator Malfuaction)

s

TABLE 3. CONTOUR €USHION SYSTEM FAILURE ANALYSIS

i

t’ FAILURE MODR HAZARD® KFFECT OF PAILURE COMMENTS

s LEVEL

; Failute to Infiace 1 No effact on pafaty = test would be Cushione would not ba operated during

. or Deflate discontinued. high G conditions.

I,

! Loss of Vacuua 1 Body stability degraded - no effect Adaquats restralnt provided by etrap asd
o : on ssfety - test would be diacontinusd. bladder syetems.

a Ovurintistion 1 Ninor discomfort dua to increass in strap Pressure capability of pump 18 1limitad.
o pregoute.

L

o . TABLE 4. PIVOTING HEADREST FAILURE ANALYSIS (CENTRIFUGE)

X \ FAILURE WODR HAZARD® EYVECT OF YAILULE COMMENTS
LEVEL
. —
Patluve to Pivoe 1 No sffect on safety - test would be Hesdrast w{ll not be opersble in impact
or Ruturn discontinued. trsck tests.
ioadvertest Pivot 1 Sudden removal of hesd suppart during Poasibility of jocorrect sviteh gelection
high + Gg or + Gy conditions would mininized {f headrest switch is only
be disconcerting but should not cause throttle switch operatad during high O
injury. conditions.
lnadverteot Return 11 Could conceivably cause injury 1f hesd o Sas comasnt sbove.
is rotated and i not resting on headrost o Protection provided by helmet.

when sctuation occurs. o Headrest 1o psdded.

Pad Does Not 1

Could ceuss temporsry discomfort under
Articulste

high + G, or + G, conditions due to
downvard scrubbing force on neck duriag
| tetutn motion.

[
| TABLE 5. ROTATABLE BACKREST FAILURE ANALYSIS (CENTRIFUGE)

g
b
.

I,
l: \ FAILURR MODE {llksﬁn* BPFECT OF PAILURE COMMENTS
Fallure of Upper t Mo affect ou safety - test would be Backrest vill be looked except for
Backrest to Rotats discontinued. visibility experiaent in centrifuge. !
or Return |
i
Failure of Lowver 4 Could cause sminor discomfort.

Would only be noticeable at full
Backrest to Rotate rotation of upper backrest.
or Return

* Hazerd Categories: I - Safe, 11 - Nevginal, LII - Critical, IV - Catastrophic
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TABLE 6.

STRAP RESTRAINT SYSTEM FAILURE ANALYSIS (CENTRIFUGE)

COMPONENT PALLURE

HAZARD#*
LEVEL

EFFECT OF FAILURE

COMMENTS

Lap Belt Segment

1

Raduced restraint on one side will allow
pelvis movemsnt under adverwe scceleration

forces. PYorces sre lov and sovesant should
not be emcessive.

o Restraint still provided by shoulder
and torso straps and rewsining lep
balt segaent.

o Lap bell integrity verified by twst.

Shoulder Strap

Reduced reatraint on one side will allow
sovesent of the shouider and head under
adverse acceleration forces. Porces ars
low snd motion should not de exceasive.

u Restraint atil) provided by lap belt,
torso atrsps, resaining shoulder
strsp and bladdet supporte.

© Strap integrity vutified by test.

Bhoulder Sttap
ingrtia Reel

Keduced torso rsstrsint will sllov movement
of the upper toreo and hesd under adverss
acceleration forces. Porces sre lov snd
sotion should not be excessive.

o Restraint still provided by lap dbelt
and turso strups.

@ Rewl lutegrily verified by tast.

Torso Strap or
Torso Inercis Rasl

Lack of torso restraint straps should net
sllov motion which could cavss injury.

o Basic reatraint provided by lap belt,
shoulder straps and bladder supporta.

Yoot Restcaint Btrap 1

Lack of restrsint wttap will allow upward
wotion under -G, {orces. Porca is low
and motion ohou!d not be excesvive.

0 Straps are provided to reduce leg
atraiu undev -Gy and aru not
required fot rescidlne.

TABLE 7.

STRAP RESTRAINT SYSTEM FAILURE ANALYSIS (IMPACT TRACK)

COMPONENT FALLURE

HAZARD*
LEVEL

EPPECT OF PAILUAR

COMMENTS

Lap Belt Gegment

1
11

1

+10 Gy tests = no effect.

+8 Gy teste - body supported by seat sides
But possibilicy of lsteral rotation.

-10 Gy tests - could sllow aubmarinivg on
ons side. Possibility of minor injuries
dus to asymoetricsl strap loads.

o Restraint wtill provided by shoulder
and toreo straps, tesaining lap belt
sagmant and bladder supports.

o Seat will be uptight in -Gy taste.

0 Btrap integuity vaiitied by tost.

Bhoulder Strap

1944

1289

410 G¢ tests - no effect.

+8 Gy tests - ecould cause rotational
@otion of upper toreo and head under
adverse conditions. Excessive motion
could result 4in tojury.

~10 Gy tests - will cause forward rotastional
motion of torso and head. Excessive motion
could result in Injury.

o Resttaint still provided by lap belt,
torso atraps, cemalning shouider scvep
and b.udder suppucta.

0 best wiil b upright In -Gy tests.

@ Stimp .utegeity verdi.ed by tewt.

Shovldar Strap
inyreia Reel

111

11z

+0 0, tests - no effect.

+8 Gy tests - could cause rotationsl
notion of upper toreo and hesd. Uxceasive
wotion could resuli in injury.

~10 Gy tests - will causs forwsrd wotion
of upper torgo and head, Krcessive motion
<ould rosult (n injury.

o Rostraint still provided by lap belt,
tores etraps and hy bladder supports.

o beat will be upright in -Gy tests.

o Reel ducgrity verified by test.

Taorso Strap ar
Torqo Inartia Reel

ALl tests = lack of torso straps should not
al.ow motion which could ceuss injury.

o Basic restvaint provided by lap belt,
shoulder straps and bladder supports.

oot Reetcrafat Strap

1

All tests - no effect.

o Straps sre provided for centrifuge
=Gy tests.

* Hasavd Categoriss:

1 - Safs, 11 - Herginsl, III ~ Critical, IV ~ Catast'ophic
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